The central aim of this study was to clarify whether sign language (SL) nativeness is a significant factor in determining prelingually deaf individuals' reading skills and whether its contribution is modified by the reader's orthographic background. A second aim was to elucidate similarities and differences between native and nonnative signers in processing written information at different processing levels in order to understand how SL nativeness sustains the reading process, if at all. Participants were 176 students with prelingual deafness recruited from two education levels (6th-7th graders and 9th-10th graders) and three orthographic backgrounds (Hebrew, German, and Turkish). Sixty-six students were native and the remainder nonnative signers. They were tested with a battery of eight experimental paradigms, each assessing their information processing skills in a specific reading-related or readingunrelated domain. Findings corroborate SL nativeness enhancing the reading process in some regard. However, its contribution was not found to scaffold the structural processing of a written text to turn reading into a tool for learning. Rather, gains were restricted to facilitating processing written words from a perceptual to a conceptual level. Evidence suggests that compared with other determining factors, the contribution of SL nativeness to proficient reading may be rather marginal.
The ability to read fluently is undoubtedly key for proper adjustment to modern society, in which recent technological developments cause crucial information to be increasingly communicated in writing. Although reading is a highly complex skill requiring different types of knowledge and processing abilities (Frost, 2012; Moates, 2000; Vaughn & LinanThompson, 2004) , most students succeed in mastering it in elementary school if adequately instructed. Yet the number of those who do not, unfortunately remains remarkably high (Catts, Compton, Tomblin, & Bridges, 2012; Fluss et al., 2008) . This is particularly true for some populations where individuals with severe reading problems seem far to outnumber those without them.
Prelingually deaf individuals are an outstanding example of such a population. Research over the last 50 years on prelingually deaf individuals' reading comprehension (RC) and their mastery of other reading-related skills indeed suggests that the majority remain seriously underdeveloped in this regard, even after 12 years of formal schooling (Allen, 1986 ; Center for Assessment and Demographic Studies, 1993; Conrad, 1979; Gallaudet Research Institute, 2005; Holt, 1993; Holt, Traxler, & Allen, 1996; Miller, 2000 Miller, , 2005a Miller, , 2010 Monreal & Hernandez, 2005; Padden & Hanson, 2000; Perfetti & Sandak, 2000; Traxler, 2000; Wauters, Van Bon, & Telling, 2006) . This apparent failure is particularly puzzling given the notable progress in amplification technologies in this period, in conjunction with improved conceptualization of the reading process in general, and hypothesized causes underlying reading failure in particular. The failure of deaf education to convert such achievements into improved reading methods that successfully foster reading skills in such individuals should be a cause for great concern. It may indeed be possible that the wrong topics have been set by research and deaf education, and much crucial knowledge of the origins of their persistent reading deficits is still obscure (Luckner & Handley, 2008) .
The literature tends to highlight reading failure of the prelingually deaf; interestingly however, some evidence suggests that it may not be the necessary consequence of early profound hearing impairments: some prelingually deaf students eventually become highly competent in making sense of what they read. True, these are more the exception, yet the mere fact that they exist clearly indicates that prelingual deafness, per se, does not prevent individuals from becoming proficient readers (Conrad, 1979; Goldin-Meadow & Mayberry, 2001; Miller, 2010 Miller, , 2013 Wauters, Van Bon, & Telling, 2006) . Undoubtedly, the above finding is encouraging, but regrettably, its underlying factors are far from satisfactorily understood. A clue may be findings that pinpoint deaf native signers as proportionally overrepresented among the more successful deaf readers (e.g., Chamberlain & Mayberry, 2000; Conrad, 1979; Goldin-Meadow & Mayberry, 2001; Meadow, 1968; Miller, 2010 Miller, , 2013 Strong & Prinz, 1997) . For example, evidence accruing from an international reading project testing 213 prelingually deaf signing students of different grade levels suggests that native signers are almost twice likely than nonnative signers to be among skilled deaf readers . Such superiority seems in line with a Linguistic Coding Differences Hypothesis (Sparks, Patton, & Ganschow, 2012) , positing that high competency in sign language (SL)-the first language of the deaf-is expected to exert a positive influence on the acquisition and use of a second language, that is, spoken language. As written language represents spoken language, it is of course tempting to assign the advantage of native-signing deaf readers to the fact that they are likely to be more proficient signers as they grow up with a full-fledged SL and are in continuous interaction with competent SL models: their parents (e.g., Strong & Prinz, 1997) . However, because some of the proficient deaf readers (e.g., were not native signers, such a straightforward conclusion may actually be an oversimplification.
But even if SL proficiency of native signers is indeed proven to promote this reading superiority, such evidence fails to disclose the level of processing at which SL proficiency contributes to better reading. Attempts systematically to trace the point at which native signers become distinct from nonnative signers in processing written text are strikingly absent from the literature. Nor is there sufficient understanding of whether differences between these two populations-if there are any-are restricted to the domain of reading or reflect variance at a more general cognitive ability level. The motivation of this study was to find this out.
RC is hypothesized to be the product of two central processes: word recognition (lexical processing level) and integration of the meaning of correctly recognized written words into a broader idea by means of partly rule-based knowledge (supra-lexical processing level, Frost, 2012; Hoover & Gough, 1990; Miller, 2013; . Either process can be broken down into sub-processes that feed into higher processes. The most basic in word recognition is a perceptual process that interacts with conceptual knowledge to identify letter shapes as familiar entities. Letter recognition underlies the creation of an association between letter graphemes and their corresponding phonemes, based on a grapheme-to-phoneme conversion procedure: the indirect reading route (Jackson & Coltheart, 2001 ). Applied to written words, this procedure yields phonological forms the reader may recognize as legitimate entries in his/her phonological lexicon. The same letter recognition process is the foundation for directly accessing orthographic representations of written words in the reader's orthographic lexicon.
Phonological and orthographic representations alike serve as access units to written words' meanings. However, although the retrieval of such meanings is an essential step to RC, it is their integration by means of supra-lexical processes that provides a final understanding of the message conveyed by a sentence. Two distinct yet connected processes underlie this integration. The first is a top-down semantically based process that interprets the final meaning of sentences by mapping their content words into the reader's prior knowledge (Allington & Cunningham, 2007; Lesgold & Perfetti, 1978; Miller, 2000 Miller, , 2013 Stanovich, 1980; Tarchi, 2010) . This process provides reasonable understanding of text conveying information that reflects a reader's prior knowledge. The second process is a bottom-up elaboration of a sentence's meaning through the application of rule-based syntactic knowledge. In consequence, it principally sustains RC even in instances where the conveyed information cannot be readily mapped onto the reader's prior knowledge; that is, reading becomes a tool for learning. Note that in proficient readers, the above processes are assumed to operate in parallel, although the contribution of either to RC may vary according to the prior knowledge readers bring to the reading task or their mastery of the rules underlying the read language (Miller, 2013) .
To understand how native and nonnative signers' reading skills differ, and whether SL proficiency makes this difference, a thorough study of all the foregoing processing levels is required. Investigations should also include experimental paradigms that track information processing skills in a context that does not involve reading. This study reflects an international effort to adhere to these requirements. For this purpose, we developed six experimental paradigms to elucidate differences between the two study groups at each processing level underlying RC. Two paradigms focused on processing letters, three on the lexical level manipulating depth of word processing, and one on the sentence level tracking participants' top-down and bottom-up processing skills. The study also included two experimental paradigms that tapped into more general cognitive skills that did not involve reading.
Research Questions and Hypotheses
This study's research questions were (a) are there meaningful differences between native and nonnative signers in readingrelated processing domains? (b) at which level of text processing do such differences show? and (c) are such differences restricted to reading-related domains?
To provide satisfactory answers, we tested the following hypotheses:
1. In line with a Language Coding Deficit Hypothesis (LCDH; Sparks et al., 2012) , native signers will have better RC skills than nonnative signers. This advantage will reflect the fact that the former, growing up in continuous interaction with competent language models, learn to read with a more fully developed first language: their SL. Although essentially different from the spoken code, SL nevertheless may provide a bridge to the acquisition of the spoken language's written form (e.g., Grosjean, 2001) as it provides deaf individuals with a deeper understanding of its rule-based structure. It also fosters efficient acquisition of general and domainspecific knowledge that underlies effective top-down processing of written text. 2. The advantage arising from SL proficiency will not transform into information processing that does not require the application of linguistic abilities or access to knowledge that is directly and effectively mediated by such linguistic abilities.
P. Miller et al. | 149 3. 3 . The difference between native and nonnative signers will be restricted to levels of text processing that require access to semantic and structural knowledge. SL-if at all-is not expected to enhance the processing of text at the word level as the implementation of signs is based on the combination of principles (hand shape, movement, location, etc.) that cannot be reflected by the phonological rules underlying spoken words. This is in contrast to differences in the structure of spoken and signed sentences, which at least partly can be explicitly traced by comparison.
Method

Participants
The original participant sample comprised 216 prelingually deaf 6th-10th graders from three different countries with three different languages: Hebrew in Israel, German in Germany, and Turkish in Turkey. 1 All were prelingually deaf, with hearing losses measured at frequencies 0.5, 1.0, and 2.0 kHz, being 85 dBHL or higher in the better ear: ANSI (American National Standards Institute, 1989). All reported SL as their preferred mode of communication. Their vision was intact or correctedto-normal. From knowledge of their students' personal files, their teachers and counselors confirmed that their intelligence was in the range considered normal and that none of them was diagnosed as having specific learning disabilities. Only students who volunteered were tested, after grant of permission from relevant authorities. All were rewarded with a small gift for their willingness to participate.
To supplement student-file-based teacher information about the participants' cognitive characteristics and to reduce possible variance in participants' study performance originating from general fine-motor slowness and/or attention deficits, we measured them with two baseline paradigms, in addition to the experimental paradigms used for testing our research hypotheses. From their performance on these baseline paradigms, 40 individuals who manifested psychomotor skills and/or ability to sustain attention that deviated two standard deviations from their grade level mean were excluded. Of these, eight were native signers (6% of the entire native signer sample) and 32 were nonnative signers (22% of the entire nonnative signer sample). The remaining 176 individuals, 66 of them native and 110 nonnative signers, constituted the final sample analyzed in this report. Table 1 shows participants' distribution by their orthographic background and SL nativeness.
All native signers were children of deaf parents who used SL as the primary communication means with their deaf child/ ren from birth. All the nonnative signers were children of hearing parents who relied on some form of manual communication with their deaf child, such as a signed form of their spoken language. All participants were enrolled in deaf classes where teachers used spoken language in combination with some form of signing as a means of instruction. This included the Turkish participants, even though the Turkish Ministry of Education advocates an oral philosophy toward deaf education.
Design and Stimuli
The study used an experimental design that allowed examination of differences between native and nonnative signers at different levels of text processing and nonverbal processing. It developed six research paradigms, each to assess a particular processing skill. The processing skills were divided into five domains: (a) letter processing; (b) word processing; (c) semantic processing of word concepts; (d) sentence comprehension; and (e) nonverbal processing. The stimulus materials used in the different paradigms were either identical or prepared according to exactly the same criteria in the three tested languages. In the following, the experimental paradigms are presented in the order above.
Letter processing
To elucidate differences between native and nonnative signers at the letter processing level, we used an elaborated version of the Posner and Mitchell paradigm (1967) . This paradigm asked participants to make rapid same/different judgments for a series letter pairs presented one after the other at the center of a computer display. A set of 60 letter pairs was used for stimulation. Half of the pairs (30) contained the same letter twice (b b), while the other half consisted of two different letters (b t). Participants were asked to press a key marked "YES" for pairs of identical letters and a key marked "NO" for pairs of nonidentical letters.
The paradigm was implemented in two versions, a perceptual letter (PL) processing version and a conceptual letter (CL) processing version. In the PL version, both letters in the pair were presented in the same script: either print or cursive. Consequently, in pairs comprised of the same letter twice, the letters were physically identical (b b or b b) and shared the same name/sound. In nonidentical pairs, the letters were physically different and had different names/sounds, but were presented in the same script type (b r or b r). The basic assumption here was that letter identicalness in this paradigm could be processed on a purely perceptual basis, namely without the need to access some form of letter knowledge (e.g., Vaknin & Miller, 2012) . In that case, no differences would be expected between native and nonnative signers.
In the CL version, one letter of the pair was always presented in print and the other in cursive script. Thus, in pairs comprised of the same letter twice, the two were no longer physically identical (b b), and in nonidentical letter pairs, each letter appeared in a different script type (b r) and had different names. The basic assumption here was that letter identicalness in this paradigm could not be processed on a purely perceptual basis, namely to make satisfactory letter identicalness decisions, access to some form of letter knowledge (letter name, letter sound, abstract letter representation, etc.) was a prerequisite (Vaknin & Miller, 2012) . Given that SL per se does not seem to bear properties that directly support the processing of isolated letters, no differences would be expected between native and nonnative signers.
Word processing
To elucidate differences between native and nonnative signers at the lexical (word) processing level, we used an elaborated version of the letter processing paradigm outlined above (see also Kargin et al., 2011) . This paradigm asked participants to make rapid same/different judgments for a series word pairs presented one after the other at the center of a computer display. A set of 60 word pairs was used for stimulation. Half of the pairs contained the same word twice (napkin napkin), whereas the other half consisted of two different words (picture apple). Participants were asked to press a key marked "YES" for pairs of identical words and a key marked "NO" for pairs of nonidentical words.
The paradigm was implemented in two versions, a perceptual word (PW) processing version and a conceptual word (CW) processing version. In the PW version, both words in the pair were presented in the same script: print or cursive. Consequently, in pairs comprised of the same word twice, the by guest on November 4, 2016 http://jdsde.oxfordjournals.org/ Downloaded from words were physically identical (apple apple or apple apple) and shared the same name/sound. In nonidentical pairs, the words were physically, phonologically, orthographically, and semantically different, but were presented in the same script type (honey rabbit or honey rabbit). The basic assumption here was that word identicalness in this paradigm could be processed on a purely perceptual basis, namely without the need to access some form of word knowledge (e.g., Kargin et al., 2011) . Taking this as true, no differences would be expected between native and nonnative signers.
In the CW version, one word of the pair was always presented in print and the other in cursive script. Thus, in pairs comprised of the same word twice, the two were no longer physically identical (honey honey) yet still had the same phonological, orthographic, and semantic properties. In nonidentical word pairs, each word appeared in a different script type (honey rabbit), and they had different names. The basic assumption here was that word identicalness in this paradigm could not be processed on a purely perceptual basis, namely to make satisfactory word identicalness decisions access to some form of the words' linguistic properties (phonology, abstract orthographic representations, word meaning, etc.) is a prerequisite Miller, 2004a Miller, , b, 2005b Miller, , 2006 . On the assumption that SL does not directly support the processing of isolated words, no differences would be expected between native and nonnative signers.
Semantic processing of word concepts
To assess native and nonnative signers' written-word-based semantic processing skills, we used an experimental paradigm that required them to determine as fast as possible whether two words simultaneously presented on a computer display were semantically related and to indicate their decision by pressing a "YES" or "NO" key.
Stimulus materials were prepared according to the same criteria in all tested languages. Stimuli were 40 word pairs, each comprised of two high-frequency words (Appendix A). To control for the familiarity of the word stimuli to our participants, we asked three experts-two primary school teachers of the deaf and a speech/language therapist of the deaf-to indicate stimulus words they thought may not be familiar to deaf third and fourth graders, that is, students that were at least two grade levels below those tested in this study. Only words on which all raters concurred were used for stimulation.
The great majority of words used in the stimulus pairs were mono or bisyllabic, although a few had three syllables. In half of the pairs, the two words were clearly related semantically (e.g., "lock, key"), whereas in the remainder, they were semantically unrelated as widely as possible (e.g., "comb, city"). In all word pairs, it was ascertained that the two words were phonologically, orthographically, or visually dissimilar from each other. On the assumption that high proficiency in SL sustained effective internalization and organization of knowledge, we predicted deaf native signers would be faster and more accurate in making semantic-relatedness decisions.
Sentence comprehension
Participants' sentence comprehension-hereinafter RC-was examined by means of 16 active sentences built from basic vocabulary verified as familiar to participants. Using a forward-and-backward translation procedure, identical versions of the sentences were prepared in all three languages (Hebrew, German, and Turkish).
All sentences were syntactically complex. Half of them (8) had one subordinate and the remainder (8) two subordinates. Half of the sentences in each syntactic category conveyed a semantically plausible (SP) message (e.g., "The car that hit the train was totally destroyed."). The remainder conveyed a semantically implausible (SI) message (e.g., "The truck driver who hit the man was badly hurt." Appendix B presents additional test sentences). Each SI sentence was paralleled by a SP sentence by having exactly the same syntactic structure, a closely matched number of words and a vocabulary of similar difficulty. The aim of these matches was to control for the potential contribution of the above factors to RC variance.
The basic assumption underlying the sentence comprehension test was that for a proper understanding of SI sentences, semantic top-down processing is insufficient. Such processing, however, may generate proper understanding of SP sentences, provided the reader is in possession of adequate prior knowledge. In other words, mere semantic top-down processing generates sentence meaning according to the readers' prior knowledge only; a meaning which-for SI sentences-is incompatible with the one produced by their syntactic bottom-up processing. Therefore, poor comprehension of SI sentences, in contrast to proper understanding of SP sentences, is presumed indicative of failure properly to process sentences' syntactic structure. A short question, with two or three multiple-choice answers, was used to test the comprehension of each test sentence. Questions referenced either the subject or the object of the main or the subordinate clause. An additional set of four sentences was used for task explanation and practice. The 16 test sentences were mixed and presented randomly on an A4 sheet. Performance time was measured but not limited. Chance level performance was 42%. Internal test reliability (Cronbach's alpha), calculated from the 16 test sentences, was 0.72.
Six independent judges (university students) were asked to determine the semantic plausibility status of each sentence (SP or implausible content). For this purpose, pairs of test sentences were shown to each judge separately, one pair at the time. One sentence in each pair was assumed to depict a SP scenario, and the other, syntactically parallel, sentence to convey a SI scenario. Three of the six judges were instructed to indicate which of the two sentences in a pair described a scenario compatible with how things normally happen in real life. The other three judges were instructed to indicate which of the two sentences in a pair described a scenario not compatible with how things normally happen in real life. Sentences were used for experimentation only when their semantic plausibility status was confirmed in both ways.
Nonverbal processing
Differences between native and nonnative signers in nonverbal information processing skills were examined with two same/ different paradigms: a nonverbal perceptual processing paradigm and a nonverbal semantic processing paradigm. Both were implemented as a paper and pencil task. The basic assumption underlying their development was that processing the stimulus materials used required linguistic knowledge in neither of them. Moreover, there was no reason to assume that possession of such knowledge would bear particular potential to enhance the processing of these materials.
Nonverbal perceptual processing
Bengali letter graphemes (Vrinda font) were used for stimulation. Because Bengali script was not a familiar orthography to our participants, making letter identicalness judgments for Bengali letter pairs was a purely perceptual processing task for them, regardless of their orthographic background.
Forty Bengali letter pairs randomly distributed in 40 rectangular fields and arranged in five equal rows on an A4 sheet served for stimulation. Half of the pairs were comprised of two identical Bengali letters (e.g., ট ট), the remainder of two distinct letters (e.g., জ চ). Participants were asked to decide as fast as possible whether the two Bengali letters in a pair were the same or not by rapidly marking identical pairs "√" and nonidentical pairs "×." Two additional rows of stimulus pairs were prepared on a separate sheet for task explanation and practice.
Nonverbal semantic processing
Forty pairs of schematic drawings of familiar objects were used for stimulation. The pairs were randomly distributed in 40 rectangular fields and arranged in five equal rows on an A4 sheet. Half of the pairs were comprised of perceptually very different drawings of the same object (e.g.,
) and the remainder of two distinct objects (e.g., ). Participants were asked to decide as fast as possible whether the two drawings represented the same object or not by rapidly marking identical objects "√" and nonidentical "×." Two additional rows of stimulus pairs were prepared on a separate sheet for task explanation and practice.
Procedure
To guarantee the proper administration of the different experiments in all three countries, a detailed written procedural protocol translated into the three languages provided the basis for the training of research assistants. All of them, hearing and deaf, had to first learn, and then observe and practice, the experimental procedures. Only after they passed an exam ascertaining that they had mastered the knowledge required for the proper administration of the different experiments, were they considered ready for testing. Deaf research assistants received their training in SL. All participants were tested individually in a quiet room by a trained research assistant. They were informed that they would not be graded and that their performance would be kept confidential. Instructions for the different experiments were translated into SL, supplemented when necessary by a physical demonstration of the task requirements.
The different experimental paradigms were administered in this order: (a) perceptual processing of letters; (b) conceptual processing of letters; (c) nonverbal perceptual processing; (d) perceptual processing of words; (e) conceptual processing of words; (f) sentence comprehension test; (g) semantic processing of word concepts; and (h) nonverbal semantic processing (drawings). In the following, the procedures used with the different experimental paradigms are presented in an order that refers to specific processing domains rather than according to the order in which they were administered to the participants.
Letter processing DMDX experimental software developed by Forster and Forster (2003) , set up on a laptop computer, was used to handle stimulus presentation and reaction time measurements. This technology measures response latencies following the presentation of the stimulus with exactitude of milliseconds and records them together with response accuracy for subsequent analysis. The laptop was placed at comfortable distance (about 60 cm) on an otherwise empty table in front of the participant. The experimenter told the participants that the experiment was to see how fast they could tell if two letters were the same or not. All participants were first given the PL-processing paradigm, followed immediately by the CL-processing paradigm. Instructions for the two paradigms were principally identical, except in the conceptual version the experimenter explicitly instructed the participants to ignore the fact that one letter in a pair appeared in cursive and the other in print.
The experiment was executed in two steps. In the first step, for explanation and practice, the experimenter presented a letter pair in the center of the laptop display and said: "You see here in the center of the screen there are two letters. Your task is to decide whether they are the same or different. If the two letters are the same, press the key marked YES (experimenter points to the key marked 'YES'). If the two letters are different, press the key marked NO (experimenter points to the key marked 'NO')." The experimenter instructed the participant to put his/her index fingers on the two response keys and to press the appropriate one the moment the next two letters appeared; "YES" for two identical letters and "NO" for the different letters. Eight more warm-up trials were given before experimentation.
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Prior to presenting a stimulus for the experiment, the experimenter told the participant that he/she would now be tested and that response time would be measured, so it was very important to work as quickly as possible. The participant was urged not to stop in case of error, but to continue without hesitation. All 60 stimulus pairs used in the perceptual and CL-processing paradigms were displayed in succession, with a filler mask (####) of 550 ms inserted between indication of the response and presentation of the next stimulus pair. When no response was given within 3,500 ms, presentation of the stimulus pair was aborted and marked by DMDX software as invalid; after a masked interval of 550 ms, the next item was presented. The display of "*****" indicated the end of an experimental block.
Word processing
The experimental procedures for testing the perceptual and conceptual processing of written words were identical with those for testing the perceptual and conceptual processing of letters, except the experimenter told the participants that in this part of the experiment stimulus pairs were familiar words rather than isolated letters. A practice session using stimulus word pairs followed the task explanation.
Semantic processing of word concepts
The experimental procedure for testing participants' semantic processing of word concepts was generally identical with the one for testing the perceptual and conceptual processing of words, except the participants had to determine the relatedness rather than the identicalness of the words in a word stimulus pair. The experimenter informed the participants that word pairs presented on the laptop display would always consist of two different words; their task was to determine whether they are related or not by pressing "YES" for word pairs comprised of two related words and "NO" for word pairs comprised of two unrelated words. The experimenter explained the task with two examples: one showing an obvious relationship between the two words and the other with no noticeable relationship. The participants were then given eight additional trials to establish that they understood task requirements properly.
Sentence comprehension
Sentences used for task explanation and warm-up appeared separately on the first page of the test. The experimenter told the participants that the aim of the experiment was to learn how students read. They were then asked to read the first practice sentence and the following question carefully, and to answer by circling the choice they made. If participants did not understand the instructions, the experimenter provided the first answer and then asked participants to try to solve the other three practice sentences Participants were told they could ask for help if they encountered an unfamiliar word. Only after the experimenter was confident that participants understood the test requirements did he or she tell them to solve the actual test sentences, reminding them once again to read both sentences and questions thoroughly before choosing an answer. There was no time limit.
Nonverbal processing
Both experimental paradigms assessing the participants' nonverbal processing skills were implemented as paper and pencil tasks. Unlike in the DMDX-based experimental paradigms, where time was measured per item, in the two paper and pencil tasks we recorded the time it took the participants to judge the 40 stimulus pairs presented on the test sheet and to mark them accordingly ( or ×). Time was measured with a stopwatch to an exactitude of one tenth of a second. Performance accuracy was checked by positioning a transparent slide with the correct responses on the test sheet and counting the instances in which these did not overlap with those marked by the participant. Performance time and overall error rates were coded for further analysis.
Nonverbal perceptual processing
The experimenter placed the practice sheet on the table before the participant and said: "Here is a sheet of paper and on it are rows of rectangular squares (Appendix A). In each square are two items. The two are identical (e.g., ট ট) or distinct (e.g., জ চ). Your task is to mark squares containing two identical items with the sign '√' and squares with two different items with the sign '×'." The experimenter demonstrated the task by marking the first 4-item pairs presented in the first 4 rectangular squares. He or she then handed the pen to the participant and said: "Now go on marking this and the next row of squares according to the example I gave you. Please indicate your decision by marking the squares one after the other."
For experimentation, the experimenter replaced the practice sheet with the experimental sheet hidden by an empty coversheet, and said: "Beneath this empty sheet is another sheet with rows of squares, each containing two items. Remember, mark the squares with the sign '√' if they contain the same item twice and with the sign '×' if they contain two different items. This time I'll measure how long it takes you to mark all the squares, so it is important that you work as quickly as possible. Start from the top square on the left and go on row by row from left to the right. Try to avoid making mistakes, but if you do, don't correct it but go on marking because time is important."
The experimenter then told the participant to put his/her hand holding the pen near the upper left corner of the experimental sheet and to start working the moment he/she removed the coversheet; he or she was urged once more working as quickly as possible. He or she then removed the coversheet and started the stopwatch the moment the participant marked the first square. The experimenter stopped the stopwatch the moment the participant marked the last square.
Nonverbal conceptual processing
The procedure to examine participants' nonverbal conceptual processing skills was principally identical with the one for assessing their nonverbal perceptual processing skills, except they judged the identicalness of pairs of familiar objects (e.g., = √ or = ×) rather than unfamiliar objects.
Results
Data analysis were conducted in four steps: (a) comparison of native and nonnative signers' overall sentence comprehension (RC) and the way it was biased by level of education and orthographic background; (b) comparison of the two study groups' processing skills on each of the different word processing paradigms; (c) comparison of their nonverbal processing skills; and (d) a detailed analysis of their syntactic and semantic RC skills.
Overall Sentence Comprehension
We Table 2 . SL nativeness was revealed as a main effect of borderline significance, F(1,175) = 2.95, p = .08, η 2 = .02, pointing to a tendency of native signers to have somewhat better RC than their nonnative signing counterparts. The main effect originating from the participants' orthographic background proved statistically significant, F(2,175) = 27.83, p < .001, η 2 = .25. Tukey HSD post-hoc analysis to clarify the final significance of the orthography effect revealed that the RC of Hebrew participants was notably enhanced compared with their German and Turkish counterparts. By contrast, no marked difference between the latter two was evinced.
The main effect of grade level failed to reach statistical significance, F(1,175) = .58, p > .05, implying that overall, participants' RC did not markedly improve from junior high to high school. A statistically significant SL nativeness × grade level interaction, F(1,175) = 4.70, p < .05, η 2 = .03, was revealed, indicating that bias from SL nativeness on RC varied from junior high to high school (see Table 2 ). There was no significant SL nativeness × orthography interaction, F(2,175) = 0.00, p > .05, implying that bias from SL nativeness on RC was uniform across the tested orthographies. The absence of a significant triple SL nativeness × orthography × grade level interaction, F(4,175) = 0.74, p > .05, η 2 = .02, suggested this to be true regardless of the participants' grade level.
To clarify the final significance of the SL nativeness × grade level interaction, we compared native and nonnative signers' RC at junior high and high school level by one-way ANOVA. Findings pointed to a close-to-zero difference between the two groups at the junior high level, F(1,81) = 0.01, p > .05, and to a statistically marked difference between them at the high school level, F(1,93) = 7.23, p < .01.
Notably, the impact of grade level on participants' RC proved close to zero. This logically suggests that even if increase in years of education affected participants' ability to process written information at the lexical or sublexical level, this effect was not transferred to their RC. Taking this to be true, we decided to exclude grade level in subsequent analyses as a between-subject factor, and instead to compute it as a covariate that controls for possible variance from grade level on the participants' task performance.
Letter Processing
We conducted ANOVAs with a GLM univariate design to compare the participant groups' letter processing speed (RT) and accuracy (error rate). In all of them, SL nativeness (native and nonnative) and orthography (Hebrew, German, and Turkish) were computed as two between-subject factors. Grade level was entered as a covariate to account for potential variance in the participant groups' letter processing skills originating from their years of formal education. In the following, we present findings from this line of analysis for letter processing under perceptual and under conceptual conditions separately.
Perceptual processing of letters
The participant groups' average processing speed (in ms) and accuracy with reference to their SL nativeness and orthographic background are presented in Tables 3 and 4 . The main effect SL nativeness was statistically significant for speed of PL processing, F(1,174) = 4.04, p < .05, η 2 = .02, but not for processing accuracy, F(1,174) = 0.33, p > .05, implying that in the perceptual condition, deaf native signers process letter identicalness faster but not more accurately than their nonnative signing counterparts. The main effect originating from the participants' orthographic background was statistically marked with regard to processing speed, F(2,174) = 15.43, p < .001, η 2 = .16, but not with regard to processing accuracy, F(2,174) = 0.91, p > .05. We ran a Tukey HSD post-hoc procedure to clarify the final significance of the orthography-related speed of processing main effect. This analysis revealed that Turkish participants determined letter identicalness markedly slower than their Hebrew and German counterparts. There was, however, no evidence that distinguished Hebrew and German participants in this regard. Finally, the absence of a statistically significant interaction between participants' SL nativeness and their orthographic background, F(2,174) = 1.24, p > .05, suggests that processingspeed differences originating from participants' orthographic background were not further modified by their SL nativeness.
Conceptual processing of letters
The participant groups' average speed and accuracy of processing in respect of their SL nativeness and orthographic background are presented in Tables 3 and 4 . The main effect SL nativeness was statistically not significant. This held for both processing speed and processing accuracy, F(1,175) = 2.04, p > .05; F(1,175) = 0.03, p > .05, respectively. The main effect of participants' orthographic background was significant for processing speed, F(2,175) = 11.21, p < .001, η 2 = .12, but not for processing accuracy, F(2,174) = 0.91, p > .05. We conducted Tukey HSD posthoc analysis to clarify the final significance of the orthographyrelated speed of processing main effect. This analysis indicated that both Turkish and Hebrew participants determined letter identicalness markedly slower than their German counterparts. Hebrew and Turkish participants were not found to differ in this regard.
The SL nativeness × orthographic-background interaction failed to reach statistical significance in relation to both speed of processing, F(2,175) = 1.48, p > .05, and accuracy of processing, F(2,175) = 0.75, p > .05, suggesting that the participants' SL nativeness did not further modify speed of processing differences originating from their orthographic background.
Word Processing
To obtain a profound understanding of the participant groups' basic written word processing skills, we executed ANOVAs using a GLM univariate design, with processing speed (RT) and word processing accuracy (error rate) computed as the dependent variables and SL nativeness (native and nonnative) and orthography (Hebrew, German, and Turkish) as two between-subject factors. Grade level was entered as a covariate to control for impact of formal education on word processing. We first present findings from an analysis of the participant groups' PW processing skills, then an analysis of their CW processing skills. Group averages for word processing speed (in milliseconds) and accuracy for the two processing conditions, with reference to the participants' SL nativeness and orthographic background, are presented in Tables 5 and 6 .
Perceptual processing of words
The main effect SL nativeness failed to reach statistical significance, which suggests that the ability of native and nonnative signers to process written words under conditions that did not require their conceptual processing was comparable. This proved true with regard to both speed of processing, F(1,175) = 2.10, p > .05, and processing accuracy, F(1,174) = 0.47, p > .05. The main 29, but not with regard to processing accuracy, F(2,174) = 0.93, p > .05. Tukey HSD post-hoc procedure conducted to contrast the orthography-related speed of processing main effect revealed that Turkish participants were markedly slower in determining word identicalness than their Hebrew and German counterparts. Hebrew and German participants were indistinguishable in this regard. Notably, the absence of a statistically marked interaction between the main effects SL nativeness and orthographic background, F(2,174) = 1.97, p > .05, suggests that SL nativeness did not further modify speed of processing differences originating from the participants' orthographic background.
Conceptual processing of words
The effect of SL nativeness on the participants' word processing speed was statistically significant, F(1,174) = 5.78, p < .05, η 2 = .03. This suggests native signers' processing written words faster than nonnative signers in instances determining word identicalness requires the conceptual processing of the word stimuli. There was no evidence of such a difference in an analysis that focused on word processing accuracy, F(1,174) = 0.08, p > .05.
Analysis pinpointed the participants' orthographic background as a statistically marked main effect with regard to processing speed, F(2,174) = 22.03, p < .001, η 2 = .21, but not with regard to processing accuracy, F(2,174) = 0.48, p > .05. We used Tukey HSD as a post-hoc test to determine the final significance of the orthography-related speed of processing main effect. Turkish participants were found to process word identicalness in the conceptual condition markedly slower than their Hebrew and German counterparts. Hebrew and German participants were indistinguishable in this regard. The absence of a statistically marked interaction between SL nativeness and orthographic-background main effects, F(2,174) = 0.87, p > .05, further suggested that speed of processing differences originating from participants orthographic background were not further biased by their SL nativeness.
Semantic Processing of Word Concepts
The participant groups' processing speed (in milliseconds) and processing accuracy averages for the semantic processing of word concepts, with reference to SL nativeness and orthographic background, are presented in Table 7 .
The effect of SL nativeness on participants' semantic processing of word concepts was statistically significant with regard to processing speed, F(1,175) = 15.57, p < .001, η 2 = .08, and processing accuracy, F(1,175) = 5.63, p < .05, η 2 = .03, implying that native signers possess marked advantages in determining the nature of the relationship between two word concepts. Further, participants' orthographic background was pinpointed as a statistically marked main effect with regard to processing speed, F(2,175) = 27.88, p < .001, η 2 = .25, and to processing accuracy, F(2,175) = 80.85, p < .001, η 2 = .49. The absence of a statistically marked interaction between the participants' SL nativeness and their orthographic background further suggests that the processing advantage of native signers over their nonnative signing counterparts was uniform across the three tested languages.
To determine the final significance of the orthographyrelated processing speed and processing accuracy main effects, we conducted two Tukey HSD post-hoc tests. The Turkish participants were shown to have severely impoverished semantic word concept processing skills, with regard to processing speed and processing accuracy alike. Hebrew and German participants were not found markedly to differ in this regard. 
Nonverbal Processing
The participant groups' nonverbal processing skills were subjected to two ANOVAs conducted with a GLM univariate design, one focusing on their nonverbal perceptual processing, the other on their nonverbal semantic processing. In both analyses, SL nativeness (native and nonnative) and orthography (Hebrew, German, and Turkish) were computed as between-subject factors; grade level was entered as a covariate to control for variance originating from years of formal education. Given the low error rates found in relation to both processing domains (less than 5%), we restricted the analysis to performance time. Below we present the findings for participants' nonverbal perceptual processing skills, and then for their nonverbal semantic processing skills. Groups' mean performance time (in seconds) measured in relation to the nonverbal perceptual and conceptual processing paradigms, with reference to their SL nativeness and their orthographic background, are presented in Table 8 .
Nonverbal perceptual processing
The effect of SL nativeness on the participants' nonverbal perceptual processing skills failed to reach statistical significance, F(1,175) = 0.62, p > .05, pointing to comparable performance by native and nonnative signers in this domain. In contrast, analysis pinpointed the participants' orthographic background as a statistically marked main effect, F(2,174) = 34.47, p < .001, η 2 = .29. The interaction between the participants' SL nativeness and their orthographic background was not statistically marked, suggesting that SL nativeness did not modify speed of processing differences originating from the participants' orthographic background. We conducted Tukey HSD post-hoc test to determine the final significance of the orthography-related main effect. Turkish participants were found to perform the nonverbal perceptual processing task significantly slower than their Hebrew and German counterparts, who did not differ in this regard.
Nonverbal conceptual processing
The effect of SL nativeness on participants' nonverbal conceptual processing of drawings failed to reach statistical significance, F(1,175) = 0.08, p > .05, pointing to comparable performance by native and nonnative signers in this domain. In contrast, analysis pinpointed the participants' orthographic background as a statistically marked main effect, F(2,174) = 25.75, p < .001, η 2 = .24. The interaction between the participants' SL nativeness and their orthographic background failed to reach statistical significance, F(2,175) = 0.08, p > .05, implying that speed of processing differences stemming from the participants' orthographic background were not biased by their SL nativeness. We conducted Tukey HSD post-hoc test to determine the final significance of the orthography-related main effect. Turkish participants' nonverbal conceptual information processing skills proved markedly underdeveloped compared with their Hebrew and German counterparts, who themselves did not differ in this regard.
Semantic and Syntactic RC Skills
As stated earlier, the sentence comprehension test comprised two distinct sentence categories: (a) SP sentences, which we assumed comprehensible through semantic top-down processing and (b) SI sentences, which required syntactic bottom-up processing for proper understanding . Mean RC scores for the two sentence categories, with reference to participants' SL nativeness, orthographic background, and grade levels, are presented in Table 9 .
To elucidate how sentences' semantic plausibility (semantic plausibility effect) impacts participants' RC, and whether their SL nativeness and orthographic background further modify this impact, we conducted ANOVA with a GLM repeated measures design. Semantic plausibility (plausible and implausible) was entered into the procedure as a within-subject factor, and SL nativeness (native and nonnative), orthographic background (Hebrew, German, and Turkish), and grade level as three between-subject factors.
We have already presented statistics on the three betweensubject main effects in relation to the primary analysis of participants' overall RC in the first subsection of the Results (see Overall sentence comprehension). So here we report only findings on the semantic plausibility within-subject main effect and how it interacted with the between-subject effects.
The semantic plausibility main effect was statistically significant, F(1,164) = 71.43, p < .001, η 2 = .30, suggesting that overall, participants understood SP sentences markedly better than SI sentences (Table 9) . Nonsignificant interactions between semantic plausibility and grade level and semantic plausibility, grade level and SL nativeness suggested this to hold for all grade levels, and regardless of participants' SL nativeness.
The interaction between semantic plausibility and SL nativeness was close to zero, F(1,164) = 0.01, p > .05, implying that the impact of semantic plausibility on RC was similar for native and nonnative signers. A statistically marked interaction was found between the semantic plausibility effect and participants' orthographic background, F(2,164) = 10.10, p < .001, η 2 = .11, indicating that the size of the semantic plausibility effect was not the same for Hebrew, German, and Turkish participants.
To clarify the final significance of the semantic plausibility × orthographic-background interaction, we ran the one-way analysis of the semantic plausibility effect (the difference in comprehension of SP and implausible sentences) with orthography computed as a between-subject factor. The main effect The Tukey HSD procedure indicated that the semantic plausibility effect exhibited by the Turkish participants was markedly smaller than that exhibited by the Hebrew and German participants, who did not differ in this regard (see Table 9 ). Finally, in a series of paired t-tests, we compared participants of different orthographic background separately for comprehension differences between SP and implausible sentences. Hebrew and German participants were found to understand SP sentences significantly better than SI sentences, t(61) = 7.91, p < .001; t(63) = 7.91, p < .001, respectively. Notably, however, for the Turkish participants, there was no statistical evidence that understanding of the two sentence types differed, t(63) = 0.87, p > .05.
Discussion
We aimed to elucidate whether there are meaningful differences between native and nonnative signers in reading-related and other processing domains. The research hypotheses were driven by LCDH (Sparks et al., 2012) , which suggests that level of competence in the first language contributes to acquisition and use of a second language, whether spoken or written. However, this theory was conceptualized on investigations with hearing learners who acquire a second-spoken language. A central question of this study was whether assumptions made by LCDH also hold when the first language is a SL, as is the case for deaf native signers. More specifically, we asked whether variance in SL proficiency (native signers vs. nonnative signers) leads to differences in RC. Findings from previous research indeed suggest that deaf native signers outscore nonnative signers in literacy-related domains (Chamberlain & Mayberry, 2000; Conrad, 1979; Goldin-Meadow & Mayberry, 2001; Meadow, 1968; Miller, 2010 Miller, , 2013 Strong & Prinz, 1997) . This is so despite the fact that SL is realized in a different modality, its lexemes are built of components of an essentially different nature (hand shape, movement, and location) than the phonemes used for the production of spoken words, and it is morphologically and syntactically structured in ways that in many instances have no parallels in spoken code.
Evidence of enhanced reading skills in deaf native signers has been interpreted as proof that SL proficiency enhances the acquisition and use of a spoken second language (e.g., Strong & Prinz, 1997; Traxler, Corina, Morford, Hafer, & Hoversten, 2014) . Findings from our international reading study regarding participants' overall RC level fail to fully support the validity of this conclusion. In fact, our evidence indicates that the advantage in RC of native signers over their nonnative signing counterparts may be restricted to more advanced grade levels. This seems to imply that SL nativeness per se may not scaffold the acquisition of reading directly. To consider seriously the validity of this possibility, differences between native and nonnative signers should first be looked at more closely, with the focus on more specific processing domains. An initial step here is to consider findings obtained from the two nonverbal paradigms administered to our study groups.
We predicted that an advantage deriving from SL proficiency will not transfer to information processing that does not require the application of linguistic abilities (Paradigm 7: nonverbal perceptual processing). Nor was it expected to enhance information processing that does not involve access to knowledge directly and effectively mediated by such linguistic abilities (Paradigm 8: conceptual nonverbal processing). Our findings fully corroborate this hypothesis. They actually indicate that gains from SL proficiency-if such are found-may be restricted to cognitive tasks that directly or indirectly involve language as a mediator. Why both native and nonnative Turkish signers manifested marked processing-speed delays on nonverbal tasks, in contrast to their Hebrew and German counterparts, is not clear from this study. However, considering that the two Turkish groups were raised/educated according to oral philosophy, their slowness on the nonverbal tasks may reflect a hesitative response pattern originally developed in response to being compelled to rely on spoken code for communication. As such code is not fully accessible to the deaf, the risk of misunderstanding it may become associated with fear of providing a wrong response. Such fear is likely to be manifested as hesitation, which eventually becomes generalized also to tasks not directly related to language use.
Evidence from the two nonverbal tasks failed to unveil significant differences between native and nonnative signers. However, such uniformity may not exist when they have to process verbal materials. This study tested this possibility by looking at different levels of processing verbal stimuli. As described earlier, at one level, we asked participants to process letters and words under conditions we assumed did not require access to linguistic knowledge, namely under perceptual processing conditions. We predicted that under those conditions native signers would not manifest markedly better processing skills than nonnative signers, even though they were processing materials that were in principle linguistic. This hypothesis was supported by the participants' performance with written words but not with decontextualized letters; the latter were processed by native signers significantly faster than by nonnative signers, but not more accurately. This may suggest that early exposure to native signing role models fosters processing skills that directly or indirectly also enhance the processing of letters' perceptual properties (Akamatsu, 1982; Padden, 2006) . Signs-like letters-are first and foremost visual stimuli that the perceiver has to subject to a thorough time-consuming perceptual analysis in order to bring them to a conceptual level. Some recent research with deaf signers suggests that deaf individuals' nativeness in SL determines the efficiency of such visual analysis to some degree, with native signers manifesting greater visual sensitivity to the components of signs than nonnative signers (Morford, Grieve-Smith, MacFarlane, Staley, & Waters, 2008) . Provided the same sensitivity has the potential to speed up the perceptual processing of other familiar visual stimuli, such as letters, the advantage of deaf native over nonnative signers in the PL processing condition makes sense. It also explains why a similar advantage was not found in relation to the perceptual processing of the unfamiliar Hindi letters (nonverbal stimuli).
In line with our null difference hypothesis, PW processing speed and accuracy in these two signer groups were found comparable. This seems to indicate that-unlike the processing of decontextualized letters-early consistent exposure to SL does not foster visual skills that operate the perceptual processing of written words. A possible explanation for this apparent impotency is that for deaf readers, reading words and processing signs are two entirely different tasks, so they rely on skills that have evolved specifically for processing words. Such disparity in processing seems to make sense given that SL has no written form that urges its users to pay continuous attention to signs' formational components so as to map them onto the graphemes of such a system. This is in contrast to letters, which through the complementary system of fingerspelling are incorporated in SL (Padden, 2006) .
Evidence regarding the performance of native and nonnative signers on the three perceptual processing paradigms seems to suggest that SL nativeness may benefit deaf individuals even when processing information under perceptual conditions. This benefit, however, seems restricted to instances where skills developed as part of SL competency are recognized as relevant for processing the information and suitable for sustaining it. To further ascertain this primary conclusion, a thorough consideration of the participants' processing skills under conceptual verbal processing conditions is required. Findings from two paradigms of this study-the conceptual processing of letters and the conceptual processing of familiar words-may yield deeper understanding in this regard.
As in the perceptual condition, processing letter or word stimuli in the conceptual condition required, as a first step, a perceptual visual analysis of the stimuli (see Jackson & Coltheart, 2001) . However, making a same/different decision for two letters or words identical only conceptually (a a or apple apple) required participants to go beyond this level and to access some form of conceptual knowledge (e.g., phonological, orthographic, and/or semantic representations) to resolve the visual incongruity. Interestingly, analysis of the participant groups' conceptual processing skills suggests that with regard to letters, native signing participants' advantage at the perceptual level was lost at the conceptual level. The exact reason why native signers lost their advantage is not sufficiently clear. However, it is worth investigating further the possibility that the two study groups accessed different types of representations (knowledge) to decide whether two letters were conventionally the same or not. For example, for native signers, letters may well become strongly associated with fingerspelling representations due to their use from early age in parental story reading (Padden, 1991 (Padden, , 2006 . If this is the case, signers may have used such representations in this study for the mediation of identicalness of two conventionally identical yet visually dissimilar letters. By contrast, for nonnative signers, due to the absence of signing role models fingerspelling may be less internalized, therefore not fulfill a mediating role in processing decontextualized letters. Instead they may base such mediation on the retrieval of abstract orthographic or phonological letter knowledge, access to which is continuously practiced/automated during reading (e.g., orthographic or phonological). This is in contrast to fingerspelling, which-although used for literacy instruction in some Deaf curricula (e.g., Trezek, Wang, Woods, Gampp, & Paul, 2007) -does not seem to mediate rapid written word recognition in fluent reading (Mayberry & Waters, 1987; see also Musselman, 2000) . In consequence, accessing its mental representations is not as practiced and as automated as is accessing abstract orthographic or phonological representations. Provided this scenario is true, the lost advantage of the native signers may actually reflect the price they pay for relying on a less practiced mediating strategy.
Unlike the conceptual processing of letters, which failed to distinguish native and nonnative signers, the conceptual processing of words did so in all three tested orthographies. This seems to suggest overall that processing written words down to a conceptual level is somehow enhanced by skills, knowledge, and/or experience associated with differences in SL nativeness. Most obvious in this regard may be that native signers as a group tend to enjoy better RC than nonnative signers (Chamberlain & Mayberry, 2000; Conrad, 1979; Goldin-Meadow & Mayberry, 2001; Meadow, 1968; Miller, 2010 Miller, , 2013 Strong & Prinz, 1997) . This superiority is likely to go together with increased motivation to engage in reading. Such an increase in reading experience, on the other hand, should sustain the native signing reader in automating his/ her written word recognition skills. This may hold in particular for processing high-frequency words, such as those used as stimuli in the CW processing task of this experiment. Closer scrutiny of the analysis of participants' performance in the semantic word processing paradigm may help to further increase understanding of how SL nativeness contributes to reading at the lexical level.
The CW processing paradigm required participants to process the word stimuli beyond a perceptual level, namely to access some form of knowledge to successfully process whether two words were the same or not. However, such a decision did not necessarily lead them to process the word stimuli down to their semantics. Moreover, making such same/different decisions did not involve retrieval of world knowledge, an issue considered fundamental in trying to make sense of written connected text (a phrase, sentence, etc.). In this study, to make a semantic decision successfully (the semantic processing paradigm), the participants were required to do both: process the word stimuli down to their meaning and activate prior/world knowledge to determine their relatedness. More specifically, the semantic processing paradigm has the potential to disclose differences in the participant groups' reading skills at the lexical level in direct relation to requirements that must be considered essential for proficient reading of connected text as well.
As stated earlier, in line with LCDH (Sparks et al., 2012), we predicted that native signers would manifest more enhanced by guest on November 4, 2016 http://jdsde.oxfordjournals.org/ Downloaded from semantic word processing skills than nonnative signing counterparts. This is because SL nativeness is assumed associated with high SL proficiency. Findings from this study corroborate this hypothesis with regard to both processing speed and processing accuracy. More specifically, native signers were markedly faster in determining the semantic relationship between two word concepts. In addition, they were overall less likely to make errors in this regard. This quantitative and qualitative superiority of the native signers inevitably raises the question of what exactly was gained by their SL nativeness. A closer look at the different processing stages involved in performing the conceptual, as opposed to the semantic, word processing paradigm seems to be a good starting point to answer this question satisfactorily.
Considering the two paradigms in depth, it becomes evident that some of the processing stages involved are identical, but others are not. First, in both paradigms, participants had to accomplish a thorough perceptual analysis of the words (letter strings) constituting the stimulus pairs. Secondly, they had to connect the outcome of this analysis to some form of representations/knowledge in order to make a same/different or related/not related decision. Given that significant differences between native and nonnative signers in the CW processing paradigm were restricted to speed of processing, it seems reasonable to assume that SL nativeness does not markedly enhance word recognition accuracy per se. A similar conclusion is warranted given the rather striking discrepancy in the number of errors both signer groups made in the semantic processing paradigm, its average being overall five to six times higher than that in the CW processing condition.
As stated above, unlike the CW processing paradigm, in which connecting the word stimuli to some form of linguistic representations was sufficient for making a same/different decision, in the semantic word processing paradigm participants had to go beyond this processing stage to make a decision. This assumption is directly supported by the markedly slower response times exhibited by the native and the nonnative signer groups when asked to determine the semantic relationship between two word concepts (1,491 ms) than when asked to indicate whether two words were identical or not (918 ms). It is also evident from a quite striking difference in the errors made in the CW processing condition (1.00 out of 60) as compared with the semantic (5.95 out of 40). Given the two groups' apparent equality in word recognition accuracy, in contrast to marked differences between them under conditions that required retrieval of prior/world knowledge and experience, the conclusion that SL nativeness somehow facilitates access to (speed of processing) and/or development of (processing accuracy) world knowledge, rather than sustains the encoding/processing of written words per se, seems tenable (see also Miller et al., , 2013 .
Language not only communicates information between people, it also seems to play an essential role in the way individuals internalize and integrate such information in long-term memory to sustain its effective retrieval when needed. Research indeed suggests that the efficiency of such processes is intrinsically linked to language proficiency, skilled language comprehenders' long-term memories being better integrated/organized, hence more easily and accurately retrievable, than those of less skilled counterparts (e.g., Zwaan & Brown, 1996) . The above is likely to be true whether the language in which the information is assimilated into the individual's prior knowledge is spoken or sign. By this reasoning, the advantage of native over nonnative signers in a task that required referencing their prior knowledge makes sense. However, caution should be exercised against taking the power of SL nativeness to enhance deaf individuals' RC skills too far. As we will show later, its potency in this regard may actually be fairly marginal in the face of other much more influential factors.
An interesting question of course is whether benefits from SL nativeness found in determining a semantic relationship of decontextualized words become transferred to the processing of connected text (sentences). In particular, does SL nativeness benefit understanding SI sentences? As stated earlier, proper comprehension of this sentence category is contingent on the reader's ability properly to process the morpho-syntactic structure of spoken language, a structure that is essentially different from that of SL. In accordance with LCDH (Sparks et al., 2012) , which assumes that mastery of a first language scaffolds the acquisition of a second, we predicted that native signers would manifest better sentence comprehension than nonnative signers. We further hypothesized this advantage to be particularly prominent in relation to SI sentences, the understanding of which requires their syntactic bottom-up processing.
As already stated, findings from this study corroborate that native indeed have somewhat better RC skills than nonnative signers. However, such advantages seem to appear only at more advanced grade levels. Particularly interesting is that gains from SL nativeness were not found to interact with the semantic plausibility of sentences. This actually indicates that SL does not scaffold the acquisition of structural knowledge in spoken language. Otherwise, differences between native and nonnative signers in comprehension would have proven more prominent with SI sentences than with SP sentences. It also implies that linguistic knowledge transfer predicted by LCDH (Cummins, 1979 (Cummins, , 1989 Sparks et al., 2012) may not occur when the structural distance between languages is drastically widened due to substantial differences in the modalities of their realization (visual formational organization vs. phonological serial organization).
The above conclusion is further substantiated by evidence from a recent study (Rosenstein, Miller, & Meir, 2014) on the degree to which structural similarity between spoken Hebrew or Israeli Sign Language (ISL) and English facilitates native Hebrew speakers and prelingually deaf native ISL signers' understanding of English sentences. Findings from this study point to markedly enhanced RC in English in instances of structural similarity between Hebrew and English but not in instances of structural similarity between ISL and English.
By integrating findings yielded by the conceptual and the semantic word processing paradigm with those obtained from the RC paradigm, it becomes obvious that advantages of native over nonnative signing participants do not reflect variance originating from mastery of the structural level of spoken language. Several additional findings from this study corroborate this interpretation. Most prominent is the absence of a SL nativeness × orthographic-background interaction, suggesting that native signers are uniformly somewhat better readers in all three tested orthographies. This proved true whether they read SP or IP sentences, and despite the fact that their RC in some of the tested orthographies approached (Hebrew and Turkish) or even fell below (German) chance level. More specifically, native signers performed better than nonnative signers even when their performance-as a group-strongly suggested that they failed adequately to process the linguistic structure of the test sentences to comprehend what they read.
The focus of this paper is on the contribution of SL nativeness to deaf individuals' reading skills at different levels of processing. However, highly marked differences in performance originating from the participants' orthographic background clearly indicate that other much more dominant factors than SL nativeness have to be considered as well for a full understanding of deaf individuals' ability to process written and other types of information. This is clear from the finding that Turkish participants, native and nonnative signers alike, manifested strikingly less developed reading-related and other information processing skills than by guest on November 4, 2016 http://jdsde.oxfordjournals.org/ Downloaded from participants from other orthographies. Deaf Hebrew readers, on the other hand, markedly outperformed German and Turkish counterparts in their ability to understand connected text; however, they were not more efficient in processing written information at the sublexical and lexical level. A thorough clarification of these orthography-related differences is beyond the scope of this paper. Whether their origins can be traced to features of the orthography (e.g., orthographic depth), to the syntactic complexity of the read language (e.g., German is syntactically more complex than Hebrew both with regard to word order and tense. Turkish differs markedly from Hebrew and German with regard to its morpho-syntactic structure as well as its dominant word order), or to the educational philosophy on which reading instruction is based (sign-supported or mere oral instruction), will have to be examined elsewhere (see . Still, that the effect of SL nativeness was never found significantly to interact with the participants' orthographic background strongly suggests that these two factors contribute to reading skills in prelingually deaf individuals independently.
Conclusions, Implications, and Future Research
• Findings from this study corroborate that SL nativeness enhances the processing of written materials to some degree. Moreover, they show such gains to be independent of other factors that significantly determine prelingually deaf individuals' reading skills.
• Evidence further suggests that enhancements in readingrelated skills rooted in SL nativeness do not reflect linguistic scaffolding that leads to a more effective processing of the structure of spoken language in connection to reading. Rather, such gains seem to become manifest in accelerated processing of written words from a perceptual (visual analysis) to a conceptual level (stored lexical and semantic knowledge). Whether such acceleration in the processing of written words gains from reliance on a neural structure developed in response to early extensive exposure to SL is not disclosed by findings from this study; this question should be the subject of future research.
• As SL nativeness does not seem to scaffold the structural processing of spoken language, its potential to sustain the development of proficient reading remains rather limited. This is obvious from the finding that comprehension of SI sentence by deaf native signers from all the examined orthographic backgrounds proved alarmingly poor.
• Evidence clearly indicates that deaf readers-whether native or nonnative signers-have to master the rule-based structure of spoken language to become proficient readers (Rosenstein et al., 2014) . Such an achievement, however, may not be possible without systematic instruction that comprehensively externalizes spoken language's structural properties in conjunction with meaningful reading experience in order to turn reading into a tool for learning (Miller & Habib-Najjar, 2014 ).
• Differences between the native and nonnative signer samples at the lexical and supra-lexical reading level-although statistically significant-were far from striking. Moreover, they seemed to point to an enhanced ability of native signers to process prior knowledge but not the linguistic structure of the read language. One possibility to be considered here is that deaf native and nonnative signers alike lack metalinguistic awareness regarding the structure of SL as opposed to spoken code (C. Rathmann, personal communication, February 2014). As such awareness may not develop spontaneously, its potential to provide a gateway for the transfer of linguistic knowledge that sustains comprehension of the less dominant language is likely to be lost unless developed artificially by instruction (see Moiseyev, 2008 ).
• Development of metalinguistic awareness regarding the structure of SL as opposed to spoken code may lead to fuller exploitation of the potential of SL nativeness to sustain the lexical and structural processing of spoken language, in both its spoken and its written form. To determine whether this is indeed the case is a challenge for future research.
Note
1. The participants included in this study were tested within a large-scale NSF-funded international reading project that examined the reading process of different reader groups in five different orthographies.
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